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Description 

This invention relates to a method of producing gear wheels from powder metal blanks. The invention is 
particularly concerned with achieving a degree of surface hardness which enables such gear wheels to be 
5 sufficiently wear resistant for use in heavy duty applications. Particular applications contemplated are for 
power transmission such as in vehicle gear boxes where high loadings and speeds must be accom- 
modated. 

Gears formed from sintered powder metal blanks are well known. British Patent Specification No. 
1125952 discloses a method of producing gear wheels from powder metal blanks in which, after pressing 
w the powder and sintering, the gear wheel is rolled to properly size the teeth and teeth root diameters. The 
manufacture of both spur and helical gears is contemplated. 

A primary problem with gear wheels formed from powder metal blanks is that when compared with 
gears machined from bar stock, castings or forgings, powder metal gear wheels have reduced bending 
fatigue strength in the tooth root region, and low wear resistance on the tooth flanks due to the residual 

15 porosity in the microstructure. For these reasons, while powder metal gear wheels can be used in low 
stress applications such as oil pumps, they were not suitable for power transmission. As power transmission 
applications use predominantly helical gears, there has been very little use of helical gears made from 
powder metal blanks in -highly loaded transmission applications. 

We have found that substantial improvements in the bending strength and wear resistance of gears in 

20 powder metal gear wheels can be achieved if sufficient densification of the gear surface, and to sufficient 
depths, is established. According to the invention, a gear wheel is formed from a pressed and sintered 
powder metal blank comprising an admixture of elemental iron and at least one alloying addition, and is 
surface hardened by rolling in the tooth, root and flank regions to establish densification in the range of 90 
to 100 percent to a depth of at least 380 microns. The core density; ie below the densified regions, is 

25 usually substantially uniform, typically at around 90 percent. Normally the depth of densification is in the 
range 380 to 500 microns. We have found that little additional benefit is achieved if the depth of 
densification exceeds 1000 microns. The density at the surface is substantially 100%, and remains at a 
density no less than 90% at least to the minimum depth specified. The rate at which the density reduces 
with respect to depth is normally at least linear; ie, the minimum density in the hardened regions is directly 

30 inversely proportional to the depth. Usually, the density a\ least in regions closer to the surface will be 
significantly greater than this minimum value. Typically, the rate of density reduction will be very low at the 
surface and increase uniformly towards the maximum depth of the hardened regions. Thus the density 
might vary in relation to the square or a higher power of the depth. 

The admixed metal powders used in gears according to the invention have the advantage of being 

35 more compressible relative to fully pre-alloyed powders, enabling higher densities to be reached at the 
compaction stage. In addition, the use of admixed powders enables compositions to be tailored to specific 
applications. For example, elemental powders may be blended together with a lubricant to produce, on 
sintering, low alloy gears of compositions similar to SAE 4100, SAE 4600, and SAE 8600 grades. Elemental . 
powder additions to the base iron can include Carbon, Chromium, Molybdenum, Manganese, Nickel, 

40 Copper, and Vanadium. Again, quantities of the additives will vary with different applications, but will 
normally be no more than 5 percent by weight in each case. 

A preferred admixed powder composition in gears according to the invention has the following 
composition by weight: 



45 



Carbon 


0.2% 


Chromium 


0.5% 


Manganese 


0.5% 


Molybdenum 


0.5% 



50 

the balance being iron and unavoidable impuritives. 

It will be recognised that the use of Chromium, Molybdenum and Manganese in the formation of a 
sintered powder metal blank requires a sintering process which can minimise their oxidation. A preferred 
process « used in this invention is to sinter at high temperature up to 1350 e C in a very dry Hy- 
55 drogen/Nitrogen atmosphere, for example at a dew point of -40 "C. This has the additional benefit of further 
improving mechanical properties and reducing oxygen levels to approximately 200ppm. 

The alloying addition powders used in gears according to the invention will preferably have a particle 
size in the range 2 to 10 microns. Generally, particle sizes in this range can be achieved by fine grinding of 
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ferroalloys in an appropriate inert atmosphere. Prevention of oxidation of readily oxidisable alloying powders 
at the grinding stage can be critical to the achievement of the degrees of densification referred to above. 

Densification of the operative surface layer of a powder metal gear as specified above may be 
accomplished in a number of rolling techniques. These may employ either a single die or twin die rolling 

5 machine, and may include separate and/or simultaneous root and flank rolling. In each case, the or each 
rolling die is normally in the form of a mating gear made from hardened tool steel. In use, the die is 
engaged witK the sintered gear blank, and as the two are rotated their axes are brought together to compact 
and roll the selected areas of the blank surface. When a predetermined axle spacing has been reached, 
rotation only will usually continue for a given number of gear revolutions, or dwell time, and then the two 

70 parts will be withdrawn from one another. The predetermined axle spacing will of course depend on the size 
of the gear and die as well as the material of the blank and the desired densification. Typically, the 
respective rolled surface will be compacted by around 120 microns. 

Some rolling techniques embodying the invention will now be described by way of example, and with 
reference to the accompanying schematic drawings wherein: 
is - Figure 1 is a partially broken side elevation of a single die rolling machine; 

- Figure 2 is a partially broken side elevation of a twin die rolling machine; 

- and Figures 3 to 5 are detailed views showing different die geometries used for different rolling 
functions. 

In the rolling machine of Figure 1 the powder metal blank 2 is showed mounted on a fixed axle 4, itself 
20 supported on a frame 6. A die 8 is rotatably mounted on an axle 10 supported on a carriage 12 which is 
slidably mounted on the frame 6. The carriage 12 is movable on the frame 6 towards and away from the 
axle 4 to bring the die 8 into and out of engagement with the alloy metal blank 2. Such movement is 
imparted to the carriage 12 by an mechanism, details of which are omitted. The carriage 12 is constrained 
to move relative to the frame 6 along a linear path, and the degree of permitted advance is limited by a 
25 stop 14. Also mounted on the carriage 12 is a drive mechanism (hot shown) for rotating the die 8 above the 
axis 10. The drive mechanism may comprise a simple motor. coupled to an appropriate wheel for engaging 
the teeth of the die. For reasons which will be explained below, the drive mechanism should be operable to 
rotate the die 8 in both senses. 

In the conduct of the process according to the invention according to the machine of Figure 1, the 
30 powder metal blank is mounted on the axle 4, and the appropriate die mounted on the axle 10, and suitably 
coupled to the drive mechanism. The carriage 12 is advanced to engage the teeth of the die to the teeth of 
the blank, when the drive mechanism is actuated to rotate both the die and the blank in mesh with one 
another. As the die and blank rotate, the carriage continues to advance and the teeth of the die 8 roll and 
density the respective surfaces of the blank 2 with which they are in contact. The carriage advances up to a 
35 full depth position defined by the stop 14. Rolling continues at this depth for a predetermined period of time 
or number of revolutions of the blank, and the carriage is then withdrawn still with the die and blank rotating. 

During the rolling processes above described, the rotation of the die and blank may be reversed on a 
number of occasions. Intermittent reversal throughout the process may be appropriate, and the frequency of 
such reversals can be set by numbers of rotations of the die or the blank. 
40 The machine of Figure 2 operates in a substantially similar manner to that of Figure 1, and 
corresponding parts are similarly identified. Essentially, the machine of Figure 2 has a pair of dies 8 
operating simultaneously of the same blank 2. Advance and retraction of the carriages 12 is synchronised 
by means of a simple lever system 16. In other respects the same criteria may be adopted as are 
described above with reference to Figure 1. Additionally of course, the rotation of the dies 8 must be 
45 synchronised. Although it is possible to use only a single drive mechanism coupled to one of the dies, it is 
normally preferred to use two, synchronised electronically. 

As noted above, in rolling a powder metal gear blank in accordance with the invention, a number of 
different types of rolling can be achieved depending upon the profile of the blank and die or dies, and the 
type of rolling required. Primarily, it is the roots and the flanks of the gear teeth that must be rolled to obtain 
so the surface densification required to achieve the performance improvements discussed above. In Figures 3 
to 5, the same blank profile is shown. A die having different teeth profiles are used to effect rolling on 
different portions of the surfaces of the blank teeth. 

In Figure 3, flank rolling only is illustrated. As the die and blank rotate together, the flanks of the die 
teeth 18 roll and wipe against the flanks of the blank teeth 20 as the carriage or carriages 12 advance 
55 towards the blank axis. As a consequence, the material at the surface of the flanks of the blank teeth 20 is 
compacted to form the densified layer 22. It will be noted that at no time does the tip of a die tooth 18 
engage the root of the blank teeth 20. This is ensured by the stop 14. The profiles of the die teeth 18 and 
the blank teeth 20 are selected to ensure that no such contact is made while nevertheless achieving the 
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desired compaction in the regions 22. 

In Figure 4, the profile of the die teeth is altered such that rolling is effected simultaneously at the root 
and on the flank of the blank teeth. This results in a continuous compacted region 24 which extends 
between the tips of adjacent blank teeth as shown. 

5 In Figure 5, another alternative profile for the die teeth is chosen to achieve root roiling only. In this 
case, the compacted region 26 is much more restricted than in either of the variants of Figures 3 and 4. 

It will be appreciated from the above description of Figures 3 to 5 that different areas of compaction can 
be established on and between the teeth of a powder metal blank using fairly straightforward rolling 
techniques and selecting appropriate profiles for the die teeth. The depth of rolling can also be adjusted by 

70 means of the stop mechanism 14, and this too will be a controlling factor in the process. Further, in 
accordance with the invention different die teeth profiles can be used either separately or simultaneously on 
the same blank to achieve the required densification and in this context it should be noted that different 
degrees of densification of the blank may be desired in different regions depending upon the eventual use 
of the manufactured gear. Densification at the root is desirable to enhance the bending strength; ie, prevent 

75 the teeth from breaking away from the body of the gear. Densification along the flank is desirable for wear 
resistance. 

The above discussion refers essentially to the formation of spur gears from powder metal blanks. 
However, it will readily be recognised that exactly the same techniques and variations can be adopted in 
the manufacture of helical gears. The present invention is equally applicable to both. 

20 

Claims 

1. A gear wheel formed from a pressed and sintered powder metal blank CHARACTERISED IN THAT the 
metal powder comprises an admixture of elemental iron and at least one alloying addition, AND IN 

25 THAT the wheel is surface hardened in the tooth root and flank regions to establish densification in the 
range of 90 to 1 00 per cent to a depth of at least 380 microns. 

2. A gear wheel according to Claim 1 wherein the density at the hardened surfaces of the wheel is 
substantially 1 00 per cent. 

30 

3. A gear wheel according to Claim 1 or Claim 2 wherein the rate at which the metal density reduces with 
respect to depth is at least linear. 

4. A gear wheel according to Claim 3 wherein the rate of density reduction is relatively low at the surfacei 
35 and increases uniformly towards the maximum depth of the hardened regions. 

5. A gear wheel according to any preceding Claim wherein said at least one alloying addition is selected 
from Carbon, Chromium, Manganese, and Molybdenum. 

40 6. A gear wheel according to any preceding Claim wherein the particle size of said metal powder is in the 
range 2 to 10 microns. 

Pate ntansprii che 

45 1. Zahnrad aus einem gepressten und gesinterten Pulvermetallrohrling, dadurch gekennzeichnet, daB das 
Pulvermetall ein Gemisch aus elementarem Eisen und wenigstens einem Legierungsbestandteil ist und 
daG das Zahnrad oberflachengehartet ist im Bereich der Zahnwurzeln und der Zahnflanken, so daB eine 
Verdichtung im Bereich von 90 bis 100 % uber eine Tiefe von wenigstens 380 microns erzeugt ist. 

so 2. Zahnrad nach Anspruch 1, dadurch gekennzeichnet, daB die Dichte an den geharteten Fiachen des 
Zahnrads im wesentlichen 1 00 % betragt. 

3. Zahnrad nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB das Verhaltnis der Metalldichteverrin- 
gerung mit Bezug auf die Tiefe wenigstens linear verlauft. 

55 

4. Zahnrad nach Anspruch 3, dadurch gekennzeichnet, daB die Dichteverringerung relativ niedrfg an der 
Oberflache ist und gleichmaBig in Richtung auf die maximale Tiefe der geharteten Bereiche zunimmt. 
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5. Zahnrad nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dafi wenigstens ein 
Legierungsbestandteil aus der Gruppe Kohlenstoff, Chrom, Mangan und Molybden ausgewahft ist. 

6. Zahnrad nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daG die TeilchengroGe 
des Pulvermetalls im Bereich von 2 bis 10 microns liegt. 

Revendications 

1. Roue dentee fabriquee a partir d'un flanc de metal en poudre fritte et comprime, caracterisee en ce 
que le metal en poudre comprend un melange de fer elementaire et au moins un element d'alliage, et 
en ce que la roue est trempee superficiellement dans les zones des pieds et des flancs des dents, 
pour obtenir une densification de I'ordre de 90 a 100 pour cent jusqu'a une profondeur d'au moins 380 
microns. . f 

2. Roue dentee selon la revendication 1, dans laquelle les surfaces trempees de la roue atteignent une 
densite d'environ 100 pour cent. 

3. Roue dentee selon la revendication 1 ou 2, dans laquelle le taux de reduction de la densite du metal 
par rapport a la profondeur est au moins lineaire. 

4. Roue dentee selon la revendication 3, dans laquelle la vitesse de reduction de la densite est 
relativement faible en surface, et augmente uniformement jusqu'a la profondeur maximale des zones 
trempees. 

5. Roue dentee selon I'une quelconque des revendications precedentes, dans laquelle au moins un des 
elements d'alliage est choisi parmi le carbone, le chrome, le manganese et le molybdene. 

6. Roue dentee selon Tune quelconque des revendications precedentes, dans laquelle la dimension des 
particules dudit metal en poudre se situe entre 2 et 10 microns. 
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